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ABSTRACT 
S t a t e  law r e q u i r e s  t h a t  t h e  popula t ion  of 
P a c i f i c  s a r d i n e s ,  Smdinops s a j m  caemZeus, 
must reach a  minimum spawning biomass of 
20,000 s h o r t  tons  be fo re  i n i t i a t i o n  of a  
f i s h e r y .  Data from ichthyoplankton surveys ,  
s e a  survey c r u i s e s ,  t h e  anchovy b a i t  f i s h e r y ,  
and j ack  mackerel purse  s e i n e  f i s h e r y  a r e  
analyzed f o r  evidence of an  i n c r e a s e  i n  
popula t ion  s i z e .  P r e s e n t l y ,  t h e  spawning 
biomass of t h e  no r the rn  s tock  of s a r d i n e s  i s  
f a r  below t h e  minimum requirement.  
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STATUS OF THE SPAWNING BIOMASS 
OF THE PACIFIC SARDINE, 1977-78 
RECOMMENDATIONS 
This  r e p o r t  is presented  i n  response  t o  S t a t e  l e g i s l a t i o n  r e q u i r i n g  
t h a t  t h e  C a l i f o r n i a  Department of F i s h  and Game annual ly  a s s e s s  t h e  
s t a t u s  of t h e  spawning popula t ion  s i z e  of t h e  northerr-  s t o c k  of P a c i f i c  
s a r d i n e s ,  Sardinops sagax caemleus. Once t h e  spawning popula t ion  
reaches 20,000 s h o r t  t ons ,  t h e  Department w i l l  a l low a f i s h e r y  of 1000 
tons  p e r  year-. 
As of January 1978, t h e  spawning popula t ion  of no r the rn  s t o c k s  of 
P a c i f i c  s a r d i n e s  was f a r  below 20,000 s h o r t  tons .  The Department 
recommends t h a t  r e s t r i c t i o n s  concerning i n c i d e n t a l  ca t ches  remain i n  
f o r c e  and no f i s h e r y  be i n i t i a t e d  i n  1978. 
INTRODUCTION 
Th i s ,  t h e  f o u r t h  annual  r e p o r t  concerning t h e  s t a t u s  of t h e  s a r d i n e  
spawning biomass, i s  s i m i l a r  t o  t h e  previous  r e p o r t s  (Kl ingbei l ,  1975, 
1976, 1977),  i n  t h a t  no d i r e c t  biomass e s t ima te s  have been c a l c u l a t e d .  
Four s e p a r a t e  sources  of c o l l e c t i o n  d a t a  concerning t h e  s t a t u s  of t h e  
s a r d i n e  spawning Siomass dur ing  1977 a r e  d iscussed .  K l i n g b e i l  (1975) 
summarized h i s t o r i c a l  l andings  by p o r t  and desc r ibed  l e g i s l a t i o n  enacted 
f o r  t h e  purpose of reducing f i s h i n g  p r e s s u r e  on s a r d i n e s .  
ICHTHYOPLANKTON DATA 
A s  e a r l y  a s  1940, b i o l o g i s t s  began t o  conduct egg and l a r v a l  sur -  
veys i n  an at tempt  t o  l e a r n  more about t h e  spawning behavior  and biomass 
of s a rd ines .  The C a l i f o r n i a  Cooperat ive Oceanic F i s h e r i e s  Inves t iga-  
t i o n s  (CalCOFI) agencies  conducted monthly egg and l a r v a l  surveys during 
t h e  1950's and q u a r t e r l y  surveys from 1961 t o  1969. S ince  1969, egg 
and l a r v a l  surveys have been conducted every 3 y e a r s  (1969, 1972, and 
1975) by t h e  Nat iona l  Marine F i s h e r i e s  S e r v i c e  ( W S ]  and Sc r ipps  I n s t i t u -  
t i o n  of Oceanography. Data c o l l e c t e d  dur ing  p a s t  surveys  has  been used 
t o  e s t ima te  t h e  biomass of both no r the rn  anchovies ,  EngrauZis mordm, 
and s a r d i n e s  (Smith, 1972). D i rec t  biomass e s t i m a t e s  of t h e  no r the rn  
s tock  of s a r d i n e s  have no t  been c a l c u l a t e d  f o r  t h e  1972 and 1975 survey 
yea r s .  However, t h e  r e l a t i v e  few s a r d i n e  eggs and l a r v a  c o l l e c t e d  dur ing  
those  y e a r s  (Paul. Smith, NMFS, La J o l l a ,  pe r s .  commun.) is  i n d i c a t i v e  of 
a very  low spawning biomass. The progeny produced by t h e  min i scu le  spawn 
of 1975 became mature dur ing  1976 and 1977. It i s  doub t fu l  t h a t  they  
have con t r ibu ted  much i n  terms of spawning biomass t o  t h e  d r a s t i c a l l y  
depressed no r the rn  s t o c k  of s a rd ines .  
LIVE BAIT DATA 
K l i n g b e i l  (1976) b r i e f l y  d e s c r i b e s  t h e  n a t u r e  of h i s t o r i c a l  and 
cu r ren t  d a t a  c o l l e c t i o n  from t h e  southern  C a l i f o r n i a  l i v e  b a i t  f i s h e r y .  
This  f i s h e r y  ope ra t e s  p r imar i ly  nea r sho re  and, h i s t o r i c a l l y ,  s a r d i n e s  
have been represented  i n  t h e  ca t ch .  
During 1977, s a r d i n e s  continued t o  be  poor ly  r ep re sen ted  i n  l i v e  
b a i t  ca tches .  Although b a i t  fishermen from Oceanside, Newport Beach, 
Redondo Beach and P o r t  Hueneme repor t ed  t h e  occurrence of young-of-the- 
year  s a r d i n e s  i n  b a i t  ca t ches ,  t h e s e  occurrences were r a r e  and cons i s t ed  
of on ly  a few f i s h .  The cont inued s c a r c i t y  of j u v e n i l e  s a r d i n e s  i n  l i v e  
b a i t  ca t ches  sugges ts  t h e r e  w i l l  be l i t t l e ,  i f  any, i n c r e a s e  i n  spawn- 
i n g  biomass i n  t h e  next  2 o r  3 yea r s .  
SEA SURVEY CRUISES 
Since  1975 no s a r d i n e  n igh t - l i gh t  c r u i s e s  have been conducted by 
C a l i f o r n i a  Department of F i sh  and Game. These c r u i s e s  have been re-  
placed by an i n t e n s i v e ,  nearshore ,  midwater t r awl  survey i n  t h e  summer 
of each year .  During t h e  1976 and 1977 surveys,  which covered t h e  near-  
shore  waters  of no r the rn  Baja C a l i f o r n i a  and southern  C a l i f o r n i a ,  s a r d i n e s  
were sampled i n  only  2.8 and 2.5 p e r c e n t ,  r e s p e c t i v e l y ,  of t h e  midwater 
t r awl s .  I n  a c t u a l  numbers, only f i v e  s a r d i n e s  were taken i n  f o u r  of t h e  
153 t r a w l  s t a t i o n s  conducted dur ing  t h e  1976 and 1977 nea r sho re  surveys .  
Although no technique  e x i s t s  t o  r e l a t e  s a r d i n e  biomass t o  nearshore  
midwater t r awl ing ,  Department b i o l o g i s t s  f e e l  t h a t  a  s u c c e s s f u l  spawning 
season during e i t h e r  1976 o r  1977 would have r e s u l t e d  i n  g r e a t e r  cap tu re  
success  than  occurred i n  t h e s e  t r a w l  surveys .  
JACK MACKEREL FISHERY DATA ' 
Sardines ,  known t o  school  w i th  j ack  mackerel., Trachu-s symmetricus, 
a r e  found i n  jack  mackerel landings  and provide t h e  only method of 
sampling t h e  s a r d i n e  popula t ion  f o r  age and l e n g t h  composition on a  
cont inuing  b a s i s .  K l ingbe i l  (1976) o u t l i n e d  t h e  1975 monitor ing pro- 
gram f o r  i n c i d e n t a l  l and ings  of s a r d i n e s  and P a c i f i c  mackerel,  Scomber 
japmicus, and desc r ibed  how t h i s  d a t a  can be used f o r  biomass assess -  
ment. The major assumption f o r  t h i s  t ype  of assessment i s  t h a t  t h e r e  
e x i s t s  an observable  and measurable r e l a t i o n s h i p  between t h e  two s p e c i e s .  
This  assessment a l s o  i s  dependent on e s t i m a t e s  of jack  mackerel resource  
s i z e  and assumes t h a t  t h i s  resource  has  n o t  f l u c t u a t e d  g r e a t l y  i n  r e c e n t  
years .  Knaggs (1973) i n d i c a t e d  t h a t  t h e  t o t a l  popula t ion  of j ack  
mackerel a v a i l a b l e  t o  roundhaul fishermen o f f  southern  C a l i f o r n i a  was 
i n  t h e  range of 0.7 t o  1.5 m i l l i o n  s h o r t  t ons .  Using t h e  percentage  of 
s a r d i n e s  landed wi th  jack  mackerel,  s a r d i n e  popula t ion  ranges of 854 t o  
1,830 tons  f o r  1976 and 51  t o  110 tons  f o r  1977 were c a l c u l a t e d  
(Addendum 1 and 2 ) .  
STJNMAEtY AND CONCLUSION 
Data from f o u r  independent sources  have been analyzed i n  an a t tempt  
t o  a s s e s s  t h e  spawning biomass of t h e  no r the rn  s t o c k  of P a c i f i c  s a rd ines .  
Although a d i r e c t  e s t ima te  of t h e  biomass dur ing  t h e  1977 ca l enda r  year  
was n o t  accomplished, d a t a  from a l l  fou r  sources  i n d i c a t e  a d r a s t i c a l l y  
reduced popula t ion  s i z e .  These d a t a  sugges t  t h e  no r the rn  s t o c k  of 
s a r d i n e  has n o t  experienced a resurgence even i n  t h e  presence of a f i s h -  
i n g  moratorium. A l l  evidence p o i n t s  t o  a s t o c k  f a r  below t h e  20,000 
tons  r equ i r ed  t o  i n i t i a t e  a ha rves t  and t h e r e f o r e ,  r e s t r i c t i o n s  concern- 
i n g  i n t e n t i o n a l  f i s h i n g  and i n c i d e n t a l  ca tches  of s a r d i n e s  should 
remain i n  fo rce .  
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C a l c u l a t i o n  of Gioi?a;s Range o f  P a c i f i c  S a r d i n e s  =ha: arz  Fju;;C School in ;  w t t h  J a c k  ?:n;Xerel - 1977 
Xui : i~~r  of Tot  2.1 'Lror.i..zgc 7 . p  -Lr:::xzc of ",'o::z~>i: of  
j a c k  n,hckersl tonnagc lanLed ckrc:ccd f o r  ; c-Lk *.: ,.--sc:B~ -*. s2yii i --ss  Es t - i z s t ed  re+.* - - , , sa ted  Tonnage o f  
i and ings -  of c a t c h e s  c o n t a i n i n g  incidental l c n d z d  in ldnddd i n  c a t c h  of c a t c h  of P a c i f c  m a c k e r e l  
tamer); and j a c k  m c : t e r e l  species ch~c;;~:d l o a d s  ci-.ac:<sd I c a d s  j a c k  r,l;cbarei s a r d i n e s  i n  pure l o a d s  
):onti\ m~rXct ;  (T,) , (X) (3 ( 2 )  ( J X C )  + (SAX,) + 
January  177 
February  127 
March 
A p r i l  
May 
June 
J u l y  
August 132 
100 Septenber  
October 127 
November 255 
2 ,390 .1  2 ,235.8  T r a c e  4 ,291.8  
1 ,744.8  1 ,688.4  T r a c e  2,619.2 
T r a c e  
T r a c e  
T o t a l s  5h,887.5** 49,201.2** 3.6** 
* P r e l i m i n a r y  
** LTc - (CJMc + ISARC) T o t a l  e s t i m a t e d  c a t c h  of o t h e r  s p e c i e s  i n c i d e n t a l  t o  j a c k  mackere l  f i s h i n g  ( p r i m a r i l y  P a c i f i c  n a c k e r e l )  
3.6 
49,201.2 - 0.000073 - e s t i m a t e  of f r a c t i o n  o f  j a c k  nac 'xe re l  c a t c h  d u r i n g  1977 t h a t  co.nsisted of s a r d i n e s  
, 
( .7 x l o6 )  (0.000073)- 51  t o n s  = e s t i m a t e  of biomass o f  s a r d i n e s  fouad s c h o o l i n g  w i t h  . 7  x l o6  t o n s  of j a c k  n a c k e r e l  
(1.5 x 1 0 ~ ) ( 0 . 0 0 0 0 7 3 )  110 t o n s  e s t i m t e  of biomass o f  s a r d i n e s  found s c h o o l i n g  w i t h  1.5 x lo6 t o n s  of j a c k  macke re l  
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